Despite most countries offering tuberculosis (TB) diagnosis and treatment free of charge, TB-related costs remain an important barrier for accessing TB care [1] . TB-related costs include direct medical expenses (e.g. consultations), direct non-medical expenses (e.g. transport and food for accessing health services) and lost income from time off work related to disability, discrimination and/or infection control laws [2] . With the treatment duration for drug-resistant TB lasting up to 24 months, affected households are especially vulnerable to TB-related costs [1] . In Cambodia, Ecuador, Ethiopia, Indonesia, Kazakhstan and Peru, average drug-resistant TB-related costs range between 75% and 223% of annual household income [3] [4] [5] [6] [7] .
End TB Strategy: universal health coverage and social protection for preventing financial hardship Despite most countries offering tuberculosis (TB) diagnosis and treatment free of charge, TB-related costs remain an important barrier for accessing TB care [1] . TB-related costs include direct medical expenses (e.g. consultations), direct non-medical expenses (e.g. transport and food for accessing health services) and lost income from time off work related to disability, discrimination and/or infection control laws [2] . With the treatment duration for drug-resistant TB lasting up to 24 months, affected households are especially vulnerable to TB-related costs [1] . In Cambodia, Ecuador, Ethiopia, Indonesia, Kazakhstan and Peru, average drug-resistant TB-related costs range between 75% and 223% of annual household income [3] [4] [5] [6] [7] .
The World Health Organization's (WHO's) End TB Strategy mandates that by 2025 nobody should experience financial hardship because of TB [8] . Countries are encouraged to monitor progress towards this milestone by collecting regular estimates of the prevalence of financial hardship due to TB [9] . Financial hardship might be measured as total costs exceeding 20% of pre-illness annual household income; relying on a financial coping strategy (i.e. taking a loan or selling assets); or total costs that are impoverishing [9, 10] .
To prevent financial hardship from TB, countries should facilitate people's access to universal health coverage (UHC) and social protection [9] . Worldwide, Brazil is increasingly seen as a model country for inclusive social development. Here, the national Unified Health System provides all health services free of charge, and three governmental social protection policies (Auxilio-Doenca, Bolsa Familia and Beneficio da Prestacao Continuada (BPC)) are designed to help people manage financial consequences of illness [11] [12] [13] . Currently, it is unknown if these measures protect the most vulnerable TB-affected households, those experiencing drug-resistant TB, from financial hardship.
Evaluating uptake of social protection and financial hardship among drug-resistant TB-affected households in Rio de Janeiro
In May 2016, there were 1601 people with drug-resistant TB in Brazil (0.77 cases per 100 000 population), with 29% residing in Rio de Janeiro state [14] . To evaluate whether uptake of social protection during treatment is associated with reduced risk of experiencing financial hardship, we conducted a crosssectional survey of people with drug-resistant TB who had been receiving treatment for at least 1 month and were attending the outpatient clinic of the Professor Helio Fraga reference centre (CRPHF) in Rio de Janeiro state. Ethical approval was obtained from the Escola Nacional de Saúde Pública Sérgio Arouca ethics committee (1.4238.240, CAEE: 53187516.0000.5240). All participants gave written informed consent before participating.
Data were collected by two social workers between June and October 2016, using a local adaptation of the field-testing version of the WHO's TB patient cost survey instrument detailed and available online [15] . Questions on pre-diagnostic healthcare-seeking behaviours and costs incurred during previous courses of TB treatment were excluded because of concerns about reporting accuracy for events experienced far in the past. The revised questionnaire was pre-tested for clarity on three patients. Monetary values were collected in Brazilian Real (BRL) and converted to 2016 United States Dollar (USD) (BRL 3.5=USD 1.0) [16] .
We measured direct expenses as monthly expenses accessing directly observed therapy (DOT) and the CRPHF extrapolated over participants' prescribed treatment (mean 17.6 months), added to any expenses for TB-related transport accessing a hospital, supplementary food and/or private healthcare. Lost income was the difference in monthly household income pre-illness versus during treatment extrapolated over participants' prescribed treatment [17] . Social protection was the monthly value of payments received because of drug-resistant TB extrapolated over participants' prescribed treatment. All values were self-reported. Total costs were calculated as direct expenses plus lost income after subtracting social protection.
The exposure variable was uptake of governmental social protection from Auxilio-Doenca, Bolsa Familia and/or BPC because of drug-resistant TB. The outcome, financial hardship, included separately incurring total costs ⩾20% of pre-illness annual household income, using a financial coping strategy, or incurring total monthly costs that pushed pre-illness monthly household income per capita below Brazil's 2016 poverty line (USD 48.6 per month) [18] , and experiencing all three situations simultaneously. We investigated the association between uptake of social protection and these four measures of financial hardship by multivariable logistic regression adjusting for socioeconomic and clinical variables associated with the outcome at p<0.1, and the two a priori confounding variables sex and age. The likelihood ratio test was used to assess the association of exposure variables with dependent variables.
Summary of social protection uptake and financial hardship among drug-resistant TB-affected households in Rio de Janeiro
In the survey period, 131 people were invited to participate in the survey. Six had not completed 1 month of treatment, five did not give consent to participate, and one was excluded from the analysis because of implausible income data, leaving 119 participants (68% male; mean age 42 years; ethnicity: 48% brown, 29% black, 23% white, 1% indigenous). Before drug-resistant TB, most participants had a pre-illness monthly household income per capita of less than one minimum salary (63%), and were the principal household income provider (53%). Some received social protection before drug-resistant TB (16%). Most had acquired rather than primary drug-resistant TB (55%) and multidrug-resistant TB (3% suspected, 29% mono-/poly-resistant, 60% multidrug-resistant, 9% extensively drug-resistant).
Overall, 38% of participants reported uptake of social protection because of drug-resistant TB. Among them, 80% began receiving Auxilio-Doenca, 7% Auxilio-Doenca and Bolsa Familia, 9% Bolsa Familia, and 4% BPC. Participants taking up social protection were more likely to be male ( p=0.005), younger ( p=0.06), and in paid employment before drug-resistant TB ( p=0.08).
Mean±SD direct expenses were USD 809±601, representing 14±17% of annual household income. Lost income was USD 6207±6671, representing 81±54% of annual household income. Social protection payments were USD 1970±2897. Total costs, after subtracting social protection, were USD 5046±6290, representing 64±58% of annual household income. Participants taking up social protection were more likely to incur lower total costs ( p=0.005).
Overall, 68% of participants incurred total costs ⩾20% of household income, 54% used a coping strategy, 24% were impoverished and 18% experienced all three hardships (figure 1). In multivariable logistic regression, uptake of social protection was independently associated with lower risk of incurring total costs ⩾20% of household income ( p=0.04), impoverishment ( p=0.002) and experiencing all three hardships ( p<0.001), but not with using a coping strategy ( p=0.58) (table 1).
Summary of lessons learnt and next steps forward
In Rio de Janeiro, total costs incurred during treatment result in financial hardship for many drug-resistant TB-affected households. The main contributor to total costs is lost income. Uptake of governmental social protection because of drug-resistant TB is common, and is associated with reduced likelihood of experiencing financial hardship, especially multiple kinds simultaneously. Socioeconomic and clinical characteristics associated (p<0.1) with outcomes in univariable logistic regression were included in multivariable logistic regression models.
# : pre-illness annual household income; three participants with pre-illness annual household income USD 0 were excluded, so n=116. ¶ : one participant with missing data on use of coping strategies was excluded, so n=118. + : defined using Brazil's 2016 poverty line of monthly household income per capita of USD 48.6 per month [18] ; five participants in poverty pre-illness were excluded, so n=114.
§ : six participants with either pre-illness annual household income USD 0, missing data on use of coping strategies, or in poverty pre-illness were excluded, so n=113.
ƒ : mutually adjusted for sex, age, education, acquired drug-resistant tuberculosis (TB), and time to directly observed therapy (DOT) clinic.
## : mutually adjusted for sex, age, pre-illness household head, pre-illness household income per capita, acquired drug-resistant TB, and time to DOT clinic. ¶ ¶ : mutually adjusted for sex, age, education, and pre-illness household income per capita.
++
: mutually adjusted for sex, age, pre-illness household head, pre-illness household income per capita, acquired drug-resistant TB, and time to DOT clinic. 18 (15%) ƒ FIGURE 1 Summary of financial hardship across study participants (n=119). The area of each ellipse is proportional to the number of participants in that set. The area-proportional Venn diagram was drawn using eulerAPE [19] .
#
: defined using Brazil's 2016 poverty line of monthly household income per capita of USD 48.6 per month [18] ; ¶ : pre-illness annual household income; + : one participant had missing data on use of coping strategies; § : one participant was in poverty pre-illness; ƒ : two participants had pre-illness annual household income USD 0, and were in poverty pre-illness; ## : one participant had pre-illness annual household income USD 0, and was in poverty pre-illness.
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To our knowledge, this is the first attempt to evaluate the association between uptake of governmental social protection and financial hardship among drug-resistant TB-affected households [3] [4] [5] [6] [7] . Our results are consistent with trial evidence from Lima, Peru, demonstrating the effectiveness of a non-governmental social protection intervention to defray TB-related catastrophic costs, and extend it to real-world governmental measures [3] . A survey from South Africa explored uptake of governmental social protection among people with TB, but did not evaluate its association with financial hardship [5] .
Limitations include the survey's small sample size, which barred stratification of our analysis by potential effect modifiers (e.g. uptake of distinct social protection measures). Nevertheless, there was adequate power to detect an association between our exposure and outcome. The survey's cross-sectional design might have underestimated the prevalence of using a coping strategy and uptake of social protection, as the risk of these activities is likely to accumulate over treatment. Our use of four indicators of financial hardship ensures our conclusions are robust to any potential misclassification.
Our results highlight that even where UHC and social protection measures are available, efforts are still needed to protect all drug-resistant TB-affected households from financial hardship. In Rio de Janeiro state, some municipalities provide vouchers to defray patients' transport expenses for CRPHF visits. Sharing of these experiences between municipal authorities should be encouraged. People's access to social protection should also be facilitated, for example by explicit inclusion of the disabling profile of drug-resistant TB in the eligibility criteria of BPC, the government's disability grant. Strengthening of labour unions would also support transitions to a more formal labour market, which would enable greater access to Auxilio-Doenca [20] . Helping previously employed people to restart work when they are fit would also avoid long absences from work.
While UHC and social protection are available across Brazil, marked socioeconomic differences limit the generalisability of our results to other regions. For a more complete understanding of the association between uptake of social protection and financial hardship there is need for a nationally representative sample of drug-resistant TB-affected households. This should be followed up over time to better capture the complex dynamics of financial hardship.
Outside of Brazil, access to UHC and social protection remains low in many countries [21] . Nevertheless, progress is being made on both these fronts worldwide [22, 23] . A country-level modelling study highlights seven other low-and middle-income countries where governmental social protection is available to TB-affected households [24] . Individual-level research is now needed to investigate if TB-affected households are accessing these measures and, as we have done in Rio de Janeiro, evaluate if their uptake is associated with reduced risk of financial hardship.
